The aim of this paper is to study the economic polarization in countries of the EU at NUTS 2 level in the years [2007][2008][2009][2010][2011][2012]. The studies have to decide on positive or negative verification of the hypothesis, which states that the economic crisis of 2008-2013 had an influence on rising economic polarization in EU countries. The method used in this article is an application of some measures of economic polarization and inequality of income distribution. The carried out research did not allow for the positive verification of the hypothesis. Only in a few countries did the economic crisis have an influence on a reduction of the middle class. In most cases the economic collapse did not play any role in the raising of the economic polarization index. The statistical data used in this paper was taken from the following databases: Statistical Yearbook of the Regions -Poland from 2009 to 2013 and Eurostat -Regional statistics by NUTS classification * .
Introduction
The problem of economic polarization is a relatively young issue. The flourishing interest in this subject started in the 1990's. The concept of economic polarization was introduced to the economic literature by the following works by: Esteban, Ray (1994) , Esteban et al. (1999) , Esteban et al. (2004) . They treated the economic polarization problem as the main reason for the appearance of social conflict. They proposed alternative measures versus a wide range of existing inequality measures, elaborated by Gini (1921) , Theil (1967) , Atkinson (1975) or Sen (1973) .
First of all, they assumed the division of society into groups localized around the poles and they put special attention to the size of groups and distances existing between the poles. Economists dealing with the problem of economic polarization noted that the situation is possible when the measure of inequality showed a reduction value, which stands for an increase of egalitarianism of income distribution, but at the same time a creation of the poles of income groups takes place.
For example Wolfson (1994) , having researched the example of Canada in the years 1973-1981, showed a decrease value of inequality indices or keeping them unchanged, while the value of the economic polarization index was increasing. had an impact on economic polarization growth. In other countries, if it took place the trend to increase or decrease economic polarization, the economic crisis did not change this situation.
The paper ends with conclusions regarding the completed research.
Economic polarization -methodology
The concept of economic polarization is associated with a tendency for the middle class to disappear, which was the main subject of several studies (Rosenthal, 1985; Horrighan, Haugen, 1988) . However, their analysis showed a lack of consensus, of how the disappearance of the middle class should be measured. According to Kot (2008) , there are two approaches for a quantitative description of economic polarization. The first one is nonparametric and consists in tracking changes in the empirical density function over time. While the second method uses quantitative measures to express the degree of economic polarization for a single income distribution.
In 1994 Esteban and Ray (the abbreviation ER) proposed an axiomatic approach to the problem of economic polarization. According to them, society has certain attributes. Individuals with certain characteristics are grouped in clusters. If two persons belong to one cluster, they have similar certain characteristics, but at the same time they differ from persons who belong to another cluster. The authors assume that society is precisely polarized in this way. According to ER the polarization of distributions of individual attributes must satisfy three features:
-there must be a high degree of homogeneity within each group, -there must be a high degree of heterogeneity across groups, -there must be a small number of groups of a significant size. In particular, a group of a small size (single) carry little weight.
Presented conditions are shown in the illustrations. Figure 2A shows a uniform income distribution, where the distance between one group and another group is one. Then, in Figure 2B , the income distribution is concentrated in points 3 and 8. This caused a formation of two poles of income, rich and poor, and a complete disappearance of the middle class. Measures of inequality indicate a decrease value, but at the same time increases the homogeneity in each income group.
Hence, a measure of the economic polarization shows increased values. According to a second property, the polarization increases with rising heterogeneity between groups. In Figure 3C groups of poor and rich have an income equal to 3 and 8. Then they move to the extreme values (a group of poor with income equal to 1, and a group of rich with an income equal to 10), which makes an increase in the gap between the rich and poor. This situation implies an increase of economic polarization. According to the third property, a group that is a small size has little significance for the formation of income groups. Units spaced from numerous income groups do not affect the formation of social conflict.
Then ER specify what they mean by income distribution. According to them, it is an n-spike representation of income, expressed as the logarithm of income In addition, ER postulate the homothetic property of the economic polarization measure (MP). This means that the economic polarization measure is invariant because of the size of the population, which is standard for the inequality measurement. This condition ER present in this way:
According to the ER, person y identifies with people having the same income, and a sense of identification is greater, when the more numerous is the number of person's p in a given group. Thus, the polarization of society is the sum of effective antagonism and is expressed as follows:
Next, the authors specify the function ( , ), ( ) T I ⋅ ⋅ ⋅ and ( ) a ⋅ in order to be used for empirical data. For this purpose, ER present four axioms (Esteban, Ray, 1994) . The fulfilment four axioms
and condition H makes that a measure of economic polarization takes the following form:
for some constants K > 0 and
. We can remark, that for 0 α = , the measure of economic polarization corresponds to the Gini coefficient (Kot, 2007) .
ER characterizing the property of economic polarization assume that a person identifies with people who earn the same income, but it can be a point value or bounded interval. However ER did not explain that problem, using the concept of "clusters". On the other hand, Kot (2008) noted the concept of "clusters", introduced by the ER, is not "clear". Esteban (1996) in his work showed that one way of grouping data are quantiles, but this method "sterilizes" economic polarization. Quantiles divide the population into equal parts. From period to period they change only the boundaries of classes without changing the probability which is equal to the rank of the quantile.
In 1999 Esteban-Gardin-Ray (the abbreviation: EGR) improved the primary measure of economic polarization. They introduced to the analysis a continuous income distribution.
EGR assume the income distribution of a population could be expressed by the continuous random variable of a density function f, which is contained in the bounded interval [a, b] 
Therefore the primary measure of economic polarization takes the form:
Now authors are moving away from the concept of "clusters" and openly propose to group the data in income groups. However the bounded interval [a, b] can be divided in many ways, giving only one possible representation of the income distribution and this representation is flawed by an approximation error, which is denoted by ( , ) f ε ρ . In addition, in this form the measure ER(α, ρ) takes into consideration only the size of groups and their average income, at the same time losing information about the dispersion of per capita income in each group. Now the measure of extended polarization is given by:
The value of the measure P(f; α, β) is contained in the bounded interval [0, 2] . β is a free parameter which measures the weight attached to the "measurement error". The β value is contained in the bounded interval [0, 1]. For β = 0, the measure P(f; α, β) becomes the primary measure ( , ) ER α ρ . In order to minimize an approximation error, the authors propose the decomposition of the Gini coefficient as the difference between the Gini coefficient for continuous distributions and the Gini coefficient for an n-spike representation:
In addition EGR propose the following algorithm that allows finding the optimal endogenous division for two adjacent intervals:
Hence, the final extended polarization measure takes the form:
In the case of bi-polarization the society is divided into two groups k = 2. The first group is characterized by an income below average and the second group has an income above average
The proposed measure of bi-polarization takes the form:
An approximation error is expressed as:
Combining (9) and (10) the bi-polarization measure can be written as:
where G is the Gini coefficient for continuous distributions, [ 
If we assume 1 α = , (12) takes the form:
For 1 α = β = the bi-polarization measure is:
Wolfson ( In order to obtain the value of Wolfson's index contained in the bounded interval [0, 1], the following formula should be used:
The main difference between the Wolfson measure and the EGR measure is a choice of the centre point of the income distribution. The Wolfson measure uses the median, which divides the population into two equal parts. In turn EGR use the average of income distribution. Then, the W measure is used only to study the bi-polarization, while the EGR measure allows establishing several poles of income. Also, as Kot (2008, p. 29) emphasizes, the W index is based on the Lorenz function, and the ERG measure has its source in the density function.
Economic polarization in European Union countries -results of research
In order to estimate the level of economic polarization the European Union regions were divided in two and three intervals. In first case k = 2 the bi-polarization measure P(f; α, β) and the Wolsfson index W were used. The point that separates the first group of regions "poor regions"
from the second group of regions "rich regions" was the average of the income distribution. In turn in the case of the Wolfson index, the median divided a population into two groups, not an average.
In second case k = 3 there are three groups of regions. The first group contains poor regions, to the second group belong regions with an income approximate to an average income (middle class) and the third group is a set of rich regions. For k = 3 measures of economic polarization ER(α, ρ) and P(f; α, β) were used.
The parameter α must be contained in the interval [1, 1, 6]. The economic polarization was calculated for α = 1.6. In the research the value of the parameter is equal to one β = 1 that stands for the highest weight to the "measurement error" ε was attached.
The obtained results were presented in appendix 1, which shows the calculated value respectively: bipolarization P(f; α, β) for k = 2, α = 1.6, economic polarization ER(α, ρ) and 
Conclusions
According to Esteban (1996) the degree of economic polarization between countries in the 1980's decreased, but at the regional level it increased. The same situation was in South
America. Gardín and Rossi (2001) point to increasing polarization in Uruguay. In the case of Colombia and Argentina the level of polarization increased too (Birchenall, 2001; Paraje, 2001 ).
Only in Spain the polarization across autonomous communities decreased (Esteban, 1994) .
The measures of economic polarization are an alternative to the measures of inequality.
Their structure, in contrast to the measures of inequality, takes into account the problem of income group formation and the existing distance between them.
The main objective of this paper was to study economic polarization in European Union In most of the countries, if there was an upward or downward trend of economic polarization, economic collapse did not change this situation. In this paper the formation of middle class in eighteen countries was examined. In eleven of them the economic polarization index increased and in seven countries it decreased, so in most of the analysed cases an upward trend in economic polarization took place. Source: own elaboration.
